Water deficit is a stress factor whose implications very often lead towards the decrease in agriculture production. Current climatic changes induce not only dramatic fluctuations of the temperature, but as well as relatively non-uniform, irregular and random distribution of precipitation during the growing season. Considering these facts, a longer period of drought cannot be omitted either. Along with the increasing atmospheric CO 2 concentration and raising temperature in continental regions, water deficit is one of the most discussed elements of global climatic changes.
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Data obtained from meteorological stations in south Moravia from 1961 to 1990 aiming at the frequency of dry periods were analysed by Rožnovský (1998) . He indicates that dry periods were found in more than 20% of the growing seasons. Thus we have to take into consideration that each two years from ten, precipitation sums in April and May will not exceed 20 mm. If we consider assumed climatic changes, an increasing number of dry periods can be envisioned. To complete these data, results from observations of the meteorological station at Kroměříž for the period of [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] can be added. The periods without precipitation longer than 6 days in April and May were found almost in each of these years (and more than once), periods longer than 11 days in three years.
Effects of water deficit on plants were studied at various levels (structural and functional) from ecophysiology up to cell metabolism. In cereal crops, a number of research studies have dealt with responses and adaptations of wheat and barley genotypes (for instance, Zemánek 1991 Zemánek , Švihra et al. 1996 , others focused rather on the effect of water shortage than on plant growth and development, and yield formation. The effects of water deficit on plants depend on the stage of its ontogenetic development and duration of this stress factor. As Brestič (1996) reports, alleviation of drought implications can be highly effective for grain yield, nevertheless, possibilities of improving the status of the plants under water stress are limited. Of yield elements, the water stress before wheat anthesis causes the highest decrease in grain number per spike (Ali et al. 1999 , Foulkes et al. 2002 , and reduction in a number of developed tillers (Cabeza et al. 1993) . In spring barley, drought affects a spike number per plant or unit area more than a grain number per spike (Gonzales et al. 1999) . Impacts of water stress on malting quality of spring barley were investigated, for example, by de Ruiter (1999) .
The objective of pot experiments conducted at Kroměříž in 2002 and 2003 was to quantify the impact of water stress on yield, yield structure and formation of yield elements and to verify possibilities of reducing it by application of the Atonik preparation or foliar fertilizers. Possibilities of affecting the water regime in cereals using growth regulators were investigated earlier. Recently, the anti-stress effects of foliar fertilizers in spring barley have been studied, for example, by Hudec et al. (2001) , the stimulative effects of Atonik are exploited mostly in garden husbandry, at sugarbeet, poppy or oil-seed rape growing.
MATERIAL AND METHODS
The experiments were conducted in pots placed in a vegetation hall. The pots were filled with a mixture of 4 kg of soil (taken after the preceding crop sugar beet in the spring when spring barley was planted), 2 kg of sand and 6 g of NPK fertilizer (in 2003, the rate was reduced to 4 g due to a high protein content in grain in the previous year). Thirty grains of spring barley variety Kompakt were sown in every pot and after emergence, they were thinned to 15 plants per pot. Each of eight variants was carried out in 12 replications (pots).
The pots with the plants were placed on trolleys outside the hall during the day. They were hidden under the roof for night and against rain. During the growing season, the plants were exposed to drought in some periods and effects of Atonik and/or foliar fertilizers (2002 -Campofort Garant P and Campofort Plus Mg; 2003 -Campofort Fortestim-alfa) aiming at lowering the effect of this stress were examined. The variants are listed in Table 1 . When water regime was adjusted, those variants were selected which were supposed to show the highest effect on formation and reduction of yield elements. The Atonik preparation (sodium 2-nitrophenolate, 2 g/l; sodium 4-nitrophenolate, 3 g/l; sodium 5-nitroguaiacolate, 1 g/l) was applied at the rate of 0.6 l/ha (0.1% solution, i.e. 600 l of water per hectare), foliar fertilizers Campofort Garant P and Campofort Plus Mg at rates of 5 kg/ha (2% solution), Campofort Forestim-alfa at the rate of 7 l/ha (2.5% solution).
In 2002, the optimum water supply was set up at a level of 70% of the holding water capacity (HWC) and stress was induced by its decrease to 35% of HWC. The influence of the stress was too strong and the measures to reduce its impacts showed to be ineffective. Therefore, in 2003 the level of holding water capacity was increased in stressed variants to 40% of HWC and at the same time, the holding water capacity in non-stressed variants was adjusted to 65% of HWC. The required water capacity was maintained by regular water supply based on the pot weight.
During the growing season, a tiller number per plant was determined at DC 30 and DC 33, plants from three replications were taken at DC 33 to assess a number of initiated florets per spike (three single-flowered spikelets and/or their primordia at each node of the rachis were considered to be one floret) and dry weight of the above-ground part, and at DC 73 to determine a number of fertile florets per spike and dry weight of the above-ground part. In four replications at the stage of full ripeness, 1 = sowing -emergence (DC 00-10), 2 = emergence -stem elongation (DC 10-31), 3 = stem elongation -anthesis end (DC 31-69), 4 = a�er anthesis -full ripeness grain yield per pot, spike and tiller numbers per plant and pot, grain numbers per spike and pot, 1000-grain weight, spike productivity, straw weight per pot, dry weight of the above-ground part, grain fraction above 2.5 mm and protein content in the grain fraction above 2.5 mm (in a bulk sample of all replications) were determined.
Since the experiments were focused on modelling stress conditions in the period of formation and reduction particularly of tillers and florets per spikes (it corresponds to April and May under field conditions). From the anthesis the water rates for all variants were uniformly adjusted to 55 and 65% of HWC in 2002 and 2003, respectively , in order to affect the final yield by differences in grain weight at the lowest level.
Statistical assessments were carried out using STATGRAPHICS software, version 5.0 by analysis of variance (ANOVA) and the significance of the differences was tested by Tukey-test at 0.05 and 0.10.
RESULTS AND DISCUSSION
The obtained results (Tables 2-7) confirmed that spring barley plants exposed to a water deficit at earlier growth stages (from emergence to the beginning of stem elongation, variant 8) were able to compensate for the stress by the increase in a productive tiller number, if they came under favourable conditions. According to Brestič (1996) , water deficits affecting plants at earlier stages of organogenesis can be compensated for by an activity of the root system and adaptation and rehydration support functions of self-regulating systems. The acute water deficit in plants that were not adapted to drought and exposed to the stressor in a later period (from stem elongation to anthesis, variant 5) was much worse and tillers withered away. Similarly, a series of other studies (Cherry 1989 , Calhoun et al. 1994 , and Jamieson et al. 1995 report that if the stress is present at early growth stages only, its implications are smaller than those at later growth stages.
The formation and reduction of yield elements were similar in both years. Differences between the years are apparently caused by adjustments of water regimes in individual variants (reduction of water saturation from 70% of HWC in 2002 to 65% of HWC in 2003 in non-stressed variants, increase in soil water saturation from 35% of HWC in 2002 to 40% of HWC in 2003 in variants exposed to stress). Till DC 33, variants 1 and 8 established high tiller numbers, their reduction was low and a final spike number was higher than that in the other variants. Later tillers (after DC 33) developed at a limited extent. In variants 2, 3 and 4, where holding water capacity was lowered at the beginning of tillering, and in variants 5, 6 and 7, where holding water capacity was reduced at the beginning of stem elongation, spikes were mostly formed on main stems only. These variants responded to the increased water supply in the period after anthesis by strong formation of later tillers, however the productive stems were not formed due to their delay in development. Reduction in a tiller number is considered as one of the implications of adaptation responses to the different water supply in plants of spring cereals as well as their growth regeneration after stress abating (Cabezza et al. 1993 and others) .
A number of initiated florets per spike corresponded with a level of holding water capacity till the stage DC 31. Their reduction was highest in variant 2, which was exposed to the stress in the period after emergence up to the end of anthesis. However, the level of reduction of florets in individual variants was influenced also by a number of initiated florets, different holding water capacity between years, compensation relations to a spike number per pot and a level of assimilate sources. Brestič (1996) indicates that the development of florets into grains is decreased most considerably by the reduction of initiated florets under stress at the stem elongation stage as compared to stresses acting in the period of anthesis or grain filling only. Also Briggs et al. (1999) reported that water deficit in the period before anthesis induces increased sterility of florets in spike.
The water deficit in the period until the beginning of stem elongation in spring barley in 2002 positively affected the plant adaptation to drought. The yield in variant 2 was slightly higher than that in variant 5 due to a higher spike number. In 2003, higher yield was obtained in variant 5 (a high number of fertile florets developed into grains) in comparison with variant 2 at a basically identical spike number per pot. The different results in both years were obviously caused by differences in a water level between these years.
The protein content in grain negatively correlated with the total grain yield per pot (the higher yield -the lower protein content). By contrast, based on experiments conducted in New Zealand, de Ruiter (1999) states that nitrogen content in spring barley grain was not affected by the different water supply, however he points out the negative effects of drought on some other parameters of malting quality.
There were some consistent responses to the application of both foliar fertilizers and Atonik preparation in both years. Differences for most examined traits were insignificant; in some cases the assessed statistical significance was at a level of 90% (the columns in bold in Tables 6 and 7) . *three single-flowered spikelets and/or their primordia at each node of the rachis were considered to be one floret 1 = tiller number/plant, 2 = spike number/plant, 3 = tiller number/plant, 4 = grain number/plant, 5 = initiated floret number/spike, 6 = fertile floret number/spike, 7 = dry weight of above-ground part (g) *three single-flowered spikelets and/or their primordia at each node of the rachis were considered to be one floret 1 = tiller number/plant, 2 = spike number/plant, 3 = tiller number/plant, 4 = grain number/plant, 5 = initiated floret number/spike, 6 = fertile floret number/spike, 7 = dry weight of above-ground part (g) The Atonik application before DC 30 (variant 3) lowered the reduction of fertile florets per spike in both years. The grain number per spike increased, and thus spikes productivity also increased. Additional tillering after anthesis was limited. The increase in spike productivity and decrease in additional tillering were significant at α = 0.10.
During the application of foliar fertilizers before DC 30 (variant 4), a larger development of fertile florets into grains led to the increase in grain number per spike (significant at α = 0.10) and spike productivity. The application of foliar fertilizers at DC 33 (variant 7) limited additional tillering after anthesis.
Even though the effect of the above-mentioned measures on some partial elements was found neither the application of foliar fertilizers nor Atonik were of practical importance to the final grain yield. There is a question to what level the effects of the applied agents could express considering the set up intensity and duration of the stressor. If the plant develops under unfavourable conditions for a longer time, the maintenance of higher yield potential at earlier growth stages can result in its higher reduction at later stages. Attention should also be paid to the investigations into anti-stress effects of other biologically active substances, for example, brassinosteroids.
